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SUMMARY
d

ANDPITCHING

ANDBODY

1.94

‘i An investigationwasmadeat a Machnumberof 1.94of a seriesof
triangular-wingandbodycombinationsto determinethe interferencelift,
drag,andpitchingmoment.

Themodelsconsistedof a seriesof sevenflat-platetriangular
wingsof varyingscalein combinationwithbodiesof finenessratio9.13
and 10.27. Fourwingshad semiap=xanglesof 30°, whereasthe re~iniw
threewingshad semiapexanglesof 45°.

Theresultsof theinvestigationindicatedthatinterferencebetween
thewingandbcdygavean increasein liftoverthatof a winganda
bodyalonebutat theexpenseof moredrag. Thisinterferenceako gave
reductionsin positivepitchingmoments.Theeffectof Remoldsnumber
variationon thelift,drag,andpitchingmomentof thewing~ the
presenceof thebodywas generallysmall. Tn general,goodpredictions
of theinterferenceliftsandpitchingmomentson thebodydue to the
wingsandon thewingsdueto thebodywereobtainedby themethodspre-
sentedinNACARM A51J04andNACARM A52B06. IncreasingtheMachnumber
from1.62 (NACARML55B25)to 1.94 (presentresults)didnot chsngethe

*—

interferenceliftcontribution,eliminatedthenegati~,interference
pitchingmomenton thewingdueto thebody,anddecreasedthe~terfer-
encedragcontribution.Finenessratioproducedlittleor no effecton
theinterferencequantitieswiththeexceptionof thedragon thebody
dueto thewing.

INTRODUCTION .*
*

. *.
Theproblemsof wing-baly-tailinterferenceon variousaircraftcon-

1 figurationshavereceivedconsiderable.attentionboththeoreticallyand
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experimentallyat subsonic,transoni.c,am.1supersonicspeeds.A com-
pilationof muchof thepastworkrelatingto theseproblemscanbe !.
foundin reference1. Sincethepublicationof reference1, additional
workhasbeendone,someof whichis presentedin reference2. In this
reference,an experimentalinvestigationwasmadeat a Machnumber
of 1.62 to determinetheinterferenceaerodynamiccharacteristicsof a
seriesof triangular-wingandbodycombinations.

Thepresentreportcanbe consideredan extensionof reference2
to includeinterferencedataof thesameseriesof triangular-wingand
bodycombinationsbutat a Machnmber of 1.94. Similarto reference2,
theresultspresentedhereinplaceemphasisupon liftandpitching-
mcmentinterfere~ce,withhag interferenceresultsincluded.Compari-
sonsof themeasuredinterferencequantitiesaremadewiththeory.The
investigationinvolveda seriesof flat-platetriangularwingsof varying
sizehavingbeveledleadingandtrailingedgesin combinationwitha h
bodyof revolutionhavinga finenessratioof 10.27. Saneadditional
testswerealsomadeinvolvingtwoof thetriangularwingsanda body
havinga finenessratioof 9.15. Reynoldsnumbersof thetestsvaried >

from0.25x 106to 2.46 x 106basedon thewingmeanaerodynamicchord.

Fourof thewingshadsemia~xanglesof 30°withan exposedaspct
ratioof 2.3,whereastheremainingthreewingshad semiapexanglesof

a

b

Cr

CL

CD

cm

45° withan exposedaspectratioof 4.

SYMBOLS

angleof attackofbody

totalwingspan

wingrootchord

meanaerodynamicchordof exposed

liftcoefficient,Lift/qS

dragcoefficient,Drag/qS

pitching-momentcoefficientabout

Cx

dynti-cchord, Moment/qSE

. longitudinal-forcecoefficient
enceofbody, X/qS

CQWWW!3W==B

-..

wing

50 percentmeanaero-

forexposedwinginpres- ‘
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at CL=O

at CL=O

minimumdragcoefficient

lift-curveslopebasedon maximun

pitching-moment-curveslopebased
areaandmaximumbodydiameter

minimumdragcoefficientbasedon
area

bodydiameter

maximumbodydiameter

angleof wingincidence

totalbodylength

Wch number

finenessratio, L/D

bodyfrontalarea

onmaximumbcdyfrontal

rwximumbcdyfrontal

forebodylengthfromnoseto junctureof bodyand leading
edgeof wingrootchord

semiapexangleof

dynamicpressure,

streamdensity

Reynoldsnumber,

exposedwingarea

wingleadingedge

pv’2/2

pvE/p

maximumwingthiclmess

streamvelocity

longitudinalforce,positiverearward
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x longitudinalcoordinatefrcmnoseofbody

v coefficientof viscosity

A.C. aercdymmic-centerpositionrelativeto 50 percentmean
aerodynamicchord,positiveforward

Configurationidentification:

B bodyalone

w exposedwingalone

W-B wingandbodyin combination

W(B) winginpresenceof body

Derivedmeasurements:

b(w) interferenceon bodyduetowing, WB - [W(B)+B]

w(b) interferenceonwingduetobody, W(B)- W

APPARATUSANDTESm

Tunnel

TheLangley9-inchsupersonictunnelis
return,continuous-operatingtunnelin which
mately9 inchessquare.Differenttest!@ch

a closed-throat,single-
thetestsectionis approxi-
numbersareachieved

throughtheuseof interchangeablenozzleblo”cks.Elevenfine-mesh
turbulence-dampingscreensareinstalledin $~esettlingchamberahead
of thesupersonicnozzle.Thepressure,temperature,andhumiditycan
be controlledduringthetunneloperation.

Models

Thebasicmcdelsconsistedof a bodyhavinginterchsmgeablenoses
to givefinenessratiosof 9.15and 10.27andof a seriesof sevenflat-
platetriangularwingsof varyingplan-formscaleratioshavingbeveled
leadingandtrailingedges. Fourof thewingshad semiapexanglesof
30° (exposedaspectratioof 2.3),whereastheremainingthreewings
had semiapexanglesof 45° (exposedaspectratioof 4). TableI gives
thebodycoordinatesandwing-shapeparameters.A sketchof a typical
triangularwingmountedon thetwobodiesof differentforebodylengths

om!m!mm.
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is shownin figure
* sevenwingstested

5

1, anda photographof allthemodelsincludingthe
in thepresenceof thebody,then = 10.27bcdy,the

nosefor~hen = 9.15bcdy,andthetwowingstestedalone(sting-
mounted)is shownin figure2.

Am illustrationshowinghowwingsin thepresenceof thebodyare
interchsagedis shownin figure2 of reference3. However,forsaneof
thewingsof thisinvestigation(wings1, 2, ~, 5, and 6 - seefig.2),
slotshadto be cutin theforwardandrearcenterof thewingsto fit
thebody. Theseslotswerecutso thata smallgap (0.003inch)existed
betweenthewingandbody,therebyinsuringa free-floatingwing. me
gapeffecton theaerodynamicforcesisbelievedtobe negl~.gibleand
is discussedin reference2.

u Falances

A strain-gagebalancemountedinsidethebodywasusedto obtain
● thelift,drag,andpitchingmomentof thewingsin thepresenceof the

body. Thehousingcontainingthisintirn.dbalancewas closedoffat
themodeland stingbasesto preventanyflowof airthroughthehousing
at thesepoints. Fora detaileddescriptionof thebalance,seerefer-
ence3.

me lift,drag,andpitchingmomentof theseventrian~~r-wing
andbodycombinationsof thetwobodiesaloneand of thetwowingsalone
wereobtainedby an externalbalancesystem.Thevariousconfigurations
weresting-mountedto a systemof self-balancingbeamscales.A detailed
descriptionof theinstallationof thetestmdels andtheelimination
of thetareforcesmayalsobe foundin reference3.

Tests

Testswereconductedat a Machnumberof 1.94. Measurementswere
madeof lift,drag,andpitch= momentaboutthewing50 Percentmean
aerodynamicchordfor thewingsalone,bodiesalone,wingsin thepres-
enceof thebodies,andthewing-bodycombinations”Reynoldsnumbers
of thetestsbasedon thewingmeanaercdymsmicchordvariedfrom
0.25 x 106 to 2.k6x 106. (Fora detailedlistof Reynoldsnumbersfor
thevariouswings,seetableII.) Theangleof attackof eachconfigu-
rationwas indicatedon a sca.le~~aduated~ de~eesjby mans of a
lightbeamreflectedfroma smallmirrormountedflushon therearof
thebodyandon thestingin thecaseof thewingalone. Therangeof
angleof attackwasapproximately~6°.

Throughoutthetests,thedewpointin thetunnelwasmaintainedat
a levelwherecondensationeffectswouldbe negligible.‘i
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PRECISIONOF DATA

.

w

Theprecisionof thevariousquantitiesinvolvedin thete=tingis
listedin table11. Thisextensivetableresultsfromthechangein the
accuraciesof thecoefficientswithwingconfiguration.It is under-
standablethat,fora givenuncertaintyof a particularquantity,the
accuracyof thecoefficientderivedfromthisquantitywouldbe a func-
tionof the S and E values.At thelowerReynoldsnumbers,the
accuraciesof someof themeasuredquantities(seeblanksin table11)
wereinsufficientto obtainreliableinterferencequantities.Thismay
be attributedto thelowloadson themodelanditscomponentsat the
lowerReynoldsnumbersandto theaccuracyof theexternalbalancesys-
temat thetimeof thesetests. Thepresenttestsalongwiththetests
reportedin reference2 weresomeof thefirstto utilizetherecent_ly
Installedsix-componentexternalbalancesystem;consequently,the
improvedaccuracynowobtainedwiththesystemandresultingfrommodi-
ficationsto thebalancesubsequentto thetestsof thisinvestigation
was lacking.Theestj.mateduncertaintiesin a givenquantityobtained
fromthestrain-gagebalance(wingin thepesence of thebody)were
combinedby themethodwhichisbasedon thetheoryof leastsquares
outlinedin reference4. Forthecasewherethe,precisionvarieswith
thelift,theaccuracywasdeterminedat theapproximateendof linearity
of thelift. —

Theaccuracyof thestreamMachnumberrepresentsa maximumvarfa-
tionabouta mean?&chnumberthroughout

PRESENTATIONOF

In figures3 to 20,theaerodynamic

thetestsection.

DATA

characteristicsof CL, CD,
CX,and Cm of thewingsalone,bcdiesalone,wingsandbodiesin com-
bination,andwingsin thepresenceof thebodiesarepresentedas a

—

functionof angleof attack.Allthecoefficientsarebasedon the
exposedwingareaof theparticuhrconfiguration.SincetheReynolds
numbersvarybothwiththewingsandwithtunnelstagnationpressure,
theReynoldsnumbersaregivenin thefigures.

--

DISCUSSIONOF RESULTS

WingAlone,General

Lift-curveslopes,,pitching-moment-c~veslopes,andminimumdrag
.

of thewingsalonewereobtainedby testingonewingfromeachgroupof
wingshavingsemiapexanglesof ~0°and45°. Thesetwowingswere v–
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testedovera rangeof Reynoldsnumberequivalentto thatwhichwould
% be obtainedIfwings1 to 7 weretested.Wings2 and6 wereselected

c~ncetheirscalefactorsweresuchthatequivalentReynoldsnumbers
couldeasilybe obtainedwithinthelimitsof thetunneloperation.
TheReynoldsnumberswereobtainedby varyingthetunnelstagnation
pressure.It is realizedthatthethicknessratiosof wings2 and 6
(wingalone,tableI) do not correspondto allof thethicknessratios
of wingsfrom1 to 7 (seetableI). Therefore,someof theminimum
dragscannotbe compareddirectlyevenforequivalentReynoldsnumbers.
Correctivemeasureswerenotmadeto thedatawithregardto thethi.ckness-
ratioeffect;discussionsconcerningthiswillbe presentedin later
sections.Thelift,drag,andpitching-momentcoefficientsof wings2
and6 arepresentedin figures19 and20,respectively,as functionsof
angleof attackforvariousvaluesof Reynoldsnumbers.Lift-curve
slopes,pitching-moment-curveslopes,andminimumdragsareshownin

4 figure21 forwings2 and
Reynoldsnumbersof wings
I_atedcurvesof figure21

*

Wingin

6. The coefficientscorrespondingto the
1 to 7 obtainedfromtiefairedandextrapo-
aretabulatedin tableIII.

thePresenceof theBody,

ReynoldsNumberEffect

Theeffectof Reynoldsnumberon theaerodynamiccharacteristics
forthewingsin thepresenceof thetwobodieEis shownin figure22.
It is seenthat,fortheconfigurationsinvestigated,the liftgenerally
increaseswithincreasingReynold numbersforany onewing. Thissmall
increasein liftis probablydueto a decreasein separationat thewing
trailingedgeandbody~uncturein goingfroma lowto a highReynolds
number. It is furtherseenthatas theReyaoldsnumberis increased,
thepitchingmomentremainsconstantor decreasesslight~fora given
wing. ~is couldalsoindicatea decreasingregionof separationwith
increasingReynoldsnumber,and in turncausea slightrearwardshift
of theaerodynamiccenter.It is,of course,realizedthatthisslight
decreaseof pitchingmomentmaynotbe toosignificantsinceforsome
wingsthisdecreaseis of theorderof theaccuracyof themeasurements.

Figure22 showsthatforanyonewingthetiagis essentiallycon-
stantfor increasingReynoldsnumber. It is furtherseenfromfigure22,
thatthesmallerwingsgenerallyhavehigherdragcoefficientsthanthe
largerwingswiththesameapexangle. Thisis,atleastinpart,due
to theincreasein wavedragthatresultsfromincreasingthickness
ratiowithdecreasingwingsize(seetableI andfig,2). A substanti-
ationof thiswasmadeby usingan approximationinvolvingratiosof

. (t/i5)2forthewings.



8 NACARM L55114
.

Withinthelimitsof thisinvestigationandwitha consideration
of theaccuraciesof table111,thereis no effecton theaerod~amic *
characteristicsdueto varyingtheforebmiylength. _

EMic QuantitiesforInterferenceEvaluation

General.-Figures23 and24 show,forconfigurationsinvolving _
wingshaving ~ = 300 and e =’45°,respectively,thevariationof
lift-curveslope,pitching-moment-curveslope,andminimumdragvalues
withratiosof b/D forthewingandbodyin combinationWB,wingin
thepresenceof thebody W(B),bodyalone B, andthewingalone W.
In thesesamefigures,comparisonsaremade.betweenexperimentand
theoryof someof theconfigurationsand coefficients.Theexperimental
quantitiesaretakendirectlyfromthecurvesin figures~ to 21. The
coefficientsof thewingsandbodiesalonearebasedo“ntheexposed L’
wingareaandarepresentedas functionsof b/D forconsistencepur-
posesandfortheconvenienceof comparisonwiththeremaining
configurations. D

Wings.- Thetheoreticalliftsforthewingsalonewereobtained
fromreference5. Brown’stheorywasused.forthesubsonic-leading-
edgewing(e= 30° shownin fig.23)andAckeret’sresultwasusedfor
thesupersonic-leading-edgewi~ (~= 45° _shownin fig.24). The
theoreticalvalues,whilesomewhathigherthanthoseobtainedexperi-
mentally,arenevertheless,in goodagreementwiththeexperimentalval-
ues, particularlyforthec = 45°wings.

Sincelineartheorypredictsthecenterof.pressureat thecentroid
of theareaor 50 percentmeanaerodynanulcchord,thetheoreticalpitc>ing
momentis zeroforthisinvestigation.

E2z”- Thetheoreticalliftsandpitchingmomentsforthebody
alonewereobtainedfromthetheorypresentedin refeqence6. As seen
fromthefigures,thetheoryis in goodagreementwiththeexperimental ,,,
pitchingmomentsandonlyfairwiththeexperimental~fts. Theoretical
valuesof liftforthen = 9.13 body(notshown)wereslightlylarger
thanthetheoreticalvaluesforthen a 10.27bdy andwereof thesame
trendas theexperimentalvalues.Thetheoreticalpitchingmomentsfor
then = 9.15 body(notshown)werefoundtobe inverygoodagreement
withtheexperimentalvalues.

—

As seenin figure23,theexperimentalliftsforthen = 9.15 body
areslightlylargerthanarethoseforthen . 10.27kxiiy.Withcon-
siderationof the-accuraciesinvolved,thereis no differencein experi-
mentalpitchingmomentsbetweenthetwobodies.The increasein drag .
forthen = 9.13 bodyoverthatforthen = 10.27bodyis,of course,
dueto thefineness-ratioeffect. _,

?
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Wingsin presenceof bc@.- Themethodsforpredictingthelifts
u andpitchingmomentsof thewingsin thepresenceof thebodiesare

foundin references7 and8. Thepredictedliftsforthec = 30° con-
figurationsareslightlyhigh,buthavethesametrendas theexperi-
mentalvalues.Thepredictedliftsforthe~ = 45° configurationsare
in verygoodagreementwiththeexperimentallifts. Theagreement
betweentheexperimentalandpredictedvaluesof pitchingmomentis good
foralltheconfigurations.No differencesarepredictedin thelifts
betweenthen = 9.13 bodyand then = 10.27bcdy. Thisresultoccurred
alsoforthepitchingmoments.

Theminimumdragcoefficientsforallthewingsin thepresenceof
thebodies,shownin figures23 and24,do nottakeintoaccountthe
effectsdueto thedifferentthicknessratios. If theseeffectswere
considered,it isprobablethatthetrendof dragswouldparallelthat

d forthewingsalonein go@ froma lowto a high b/D. It is obvious
thenthatthe interferencedragon thewingdueto thebodywouldalso
be affected.

&
Wingandbodyin combination.-The comparisonsbetweentheexperi-

mentalliftsandpitchingmomentsforthewing-bdycombinationsand
themethds presentedin references7 and 8 arein betteragreement
thanare similarcomparisonsforthewingsin thepresenceof thebcdies.
A& seenin figures23 and24, thedifferencesbetweentheexperimental
atithepredictedliftsforthewingsin thepresenceof thebodiesare
slightlylargerthanarethosefor thewingandbodycombinations.The
calculatedforcesandmomentsforthewing-bodycombinationswere
obtainedin thesamemanneras werethoseforthewingsin thepresence
of thebcxiies,namely,a percentageof theforceson thewingalone.

Theexperimentalliftsforthewing-bodycombinationsinvolving
then = 9.13 bodyare slightlylargerthanarethoseinvolvingthe
n = 10.27bcxiy.No differenceswerefoundin pitchingmomentsbetween
thewing-bodycombinationsinvolvingthetwodifferentforeb~y lengths.
Thedragsof thecombinationswiththen = 9.13 bodyareslightlylarger
thanarethosewiththen = 10.27body.

interferenceQuantities

General.-Tneinterferenceon thebodydueto thewingis obtained
by subtractingtheforceson thewingin thepresenceof thebodyand
bcdyalonefromthatof thewing-bodycombination;thatis,
b(w)= WB - [W(B)+ B]. In likemanner,theinterferenceon thewing
dueto thebcdyis thedifferencebetweenthe

J presenceof thebodyandon thewingalonein
w(b)= W(B)- W.

●

~

forceson thewingin the
freestream;thatis,
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A summationof theinterferencequantitiesforthebodydueto the
wing b~w) andthewingdueto thebody w(b) ispresentedas a func- B
tionof b/D in figure25 and cr/’Din figure26 fortheseriesof
thewingandbodycombinations.In figure25(a)and25(b)thevalues
arebasedon theexposedwingareasincethemethodsof references7
and 8 forthepredictionsof theinterferencequantitiesbasethecoef-
ficientson theareaof theexposedwing. In figures25(c),25(d),
26(a),and26(b)thevaluesarebasedon themaximumbdy frontalarea
andmaximumbodydiameter.Ifdifferencesbetweentheinterference
forceson thebcdydueto thewingaretobe explainedforthevarious
wing-bodycombinations,it is understandablethaterroneousconclusions
couldbe madeconcerningsomeof thequantitieswiththecoefficients
basedon theexposedwingarea. Forthisreason,discussionsconcerriing
theeffectsbetweenthevariouswing-bodycombinationswillbe confined
‘cocoefficientsbasedonmaximumbodyfrontalareaandmsximumbody
diameterforthecaseof thebcdydueto thewingandon exposedwing v
areaforthecaseof thewingdueto thebdy.

Theoreticalmethodsusedto predicttheinterferencequantities s

indicatedno differencesbetweenconfigurationsinvolvingthen = 9.13
bodyandthen = 10.27body.

Liftonbodyduetowing.-A comparisonof theexperimentallift
on thebodydueto thewing b(w) withthetheoreticalmethodis shown
in figure25(a). In general,theagreementis goodwiththeexception
of theconfigurationinvolvingwing1 witha b/D valueof 5.60. For
thisconfigurationtheexperimentalliftishigh. It isbelievedthat
thismaybe dueto someinterferencephenomenonassociatedwiththe
leadingedgesof wings1, 2, 3, and4 (e= 50°)approachinga soniccon-
dition.As seenfromfigure25(a),theliftdecreaseswfthincreasing
b/D or exposedwingarea;however,whenthevaluesarebasedon a
commonarea(seefigs.25(c)and26(a)),theinterferenceliftincreases
withincreasingwingsizeas wouldbe expected.Fromfigure27,the
interferencelifton thebodydueto thewingis seentobe predominately
thatwhichcarriesoverfromthewingto thebodybetweenthe~ch helices
emanatingfromtheleading-andtrailing-edgeroot-chordjunction.Fig-
ure27 alsoindicatesthatwithdecreasingwingscale,theareaupon
whichthisinterferenceliftactsdecreases,resultingin lessinter-
ferencelift. Fromfigure26(a),thelifton thebodydueto thewing
foranygiven cr/D is lessfor configurationswithwingshaving
~ = 300 than forthosehaving ~ . 45°. Thisis apparentlydueto the
factthatthehigherliftforthesupersonic-leading-edgewing(ascom-
paredwiththatforthesubsonic-leadi~-edgewing)carriesoveronto
thebcdy.

In additionto thispositivecarryoverlift,an inducednegative
lift,createdby thevortexactionof thewing,actson theafterbody.”
Sincetherewereno definiteresultsin thepresentinvestigation Q
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pointingto thisinducednegativelift,it isprobablethatthislift
Y representsa smallpercentageof thetotalinterference.Thiswasalso

foundto be theconditionthatexistedforthetriangularwingsin ref-
erence2 andtherectangularwingsin reference3.

Thereappearstabe littleor no effectof forebcdylengthon the
interferenceliftof thebodydueto thewingas shownin figure25(c).

Pitchingmomentforbodydue towi~.- Figure25(a)showsthatthe
agreementbetweentheexperimentaland’theoreticalpitchingmomentfor
thebodydueto thewingis god at thehighvaluesof b/D butpoor
at thelowvaluesof b/D. Someof thispooragreementat thelowval-
uesof b/D maybe dueto thelowaccuracyof theexperimentalmeasure-
mentsforthesmallerwings. (See,forexample,wing4 in tableII.)

Withreferenceto thesketchesin figure27,thewing-rootlift
carryoverontothebodyactsbehindthe centerof gravityso thata
negativepitchingmomentis obtained.Thisis shownexperimentallyin

. figures25 and26.

Withconsiderationof theaccuracies,thereappearsto be no dif.
ferencein experimentalinterferencepitchingmomentson thebodydue
to thewingforthedifferentforelxxiylengths.

Aerodynamic’centerof bodydueto wing.-Ae seenin figure25(a),
thetheoreticalaerc@mamiccentersare in goalagreementwiththe
experimentalresultsat highvaluesof b/D and in fairagreementat
lowvaluesof b/D. Thevariationof theaerodynamiccenterswith b/D
showsthat,for configurationshaving c = 43° wings,the interference
liftcenteris fartherrearwardalongthebodythanfor the.s= 30°con-
figurations.If theaerodmamiccenterswereshownas functionsof
cr/D values,theliftcentersbetweenthe e = 30° and e = 45° con-
figurationswouldbe coincident.

The interferenceaerodynamic-centerlocationsareaboutthesame
forconfigurationshavingdifferentforebodylengthsas seenin fig-
ure25(a).

Dragonbodydueto wing.-Whenthecoefficientsarebasedon the
exposedwingareaas infigure25(a),theinterferencedragon thebcdy
dueto thewing b(w) forthe e = ~0°,n = 10.27 configurations
decreaseswithincreasingb/D. Thee = 45° configurationsfollowthe
sametrendwiththeexceptionof b/D = 3.62;thereasonforthelower
interferencedragof thisconfigurationis notlmown.

Thereasonforthelower b(w) dragof then = 9.13 configurations
becomesmoreapparentwhentheequationfor b(w) is considered;that
is, b(w)= W13-w [W(B)+B]. I?orthelowerfineness-ratioconfiguratione,
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thebody-alonedragishigher,whereasthe .W(B) and WB dragsremain
essentiallythessm.eforthetwoconfigurations(tableIII),thenet
resultbeinglower b(w) dragfor then = 9.13configurations.

Whenthecoefficientsarebasedon themaximumbcdyfrontalarea
(figs.25(c)and26(a)) thereis,in general,a sli@tlYincreasingb(w)
dragwithincreasingb/D or cr/D.

Liftonwingdueto body.-Figure25(b)showsthatgoodagreement
is obtainedbetweentheexperimentallifton thewingdueto thebcdy
w(b) andtheory.Withthecoefficientsbasedon theexposedwingarea
(fig.25(b)),it is seenthathigherliftcoefficientsareobtainedon
thesmallerwings. Inallprobabilitythisis dueto thefactthatmore
of theareaof thesmallerwingsis in thestrongerupyashfieldof the
bodycomparedwiththatforthelargerwings. It is fbther seenthat,
foranygiven b/D,theinterferenceliftcoefficientis greaterforthe
e = 45°configurationthanforthee = 30°case. Of course,whenthe
coefficientsarebasedon themaximumbodyfrontalarea(figs.27(d)
and26(b)),morepositiveliftcoefficientsareobtain&dfromthelarger
wings.

Theeffectof changingforebodylengthhadno effecton theinter-
ferencelifton thewingdueto thebody.

Pitchingmomentofwingdueto bcdy.-Withconsiderationof the
accuracytheinterferencepitchingmomentof thewingdueto thebcdy,-
forallpracticalp.rposes,is negligibleforconfigurationsinvolving
wings3, 4, and7 as shownby figures25(b),25(d),and26(b). Forcon-
figurationsinvolvingwings1, 2, 5, and6 a smallpositivemomentis
obtained.

Aerodynamiccenterofwingduetobody.- ‘lheinterferenceaerody-
namiccentersshownin figure25 b generallyfollowthesametrendsas
theinterferencepitchingmoments.~.eloca~~onof theinterference
aerodynamiccentersmaybe explainedby thefactthatforwings1, 2,
5, and6 theinterferenceliftcenteris slightlyforwardof thecentroid
of thewingareas(resultingina positivepitchingmoment),whereasfor
wings~, 4, and 7 theinterferenceliftcenteris verynearlycoincident
withthecentroidof thewingareasor the50 percentmeanaerodynamic
chord.

Dragon wingdueto body.-Theinterferencedrags-onthewingsdue
to thebodyareshownin figures25(b),~(d), and26(b). However,ae
wasmentionedpreviously,theeffectof wingthicknessratio(whichwas
nottakenintoaccountin theanalysis)wouldalterthevariationof
thesedrags. FYomestimationsmadeto accountforthisthickness-ratio
effect,theinterferencedragsof figure25(b)wouldbe changedto give
a morepositiveslopein goingfromlowtohighvaluesof “b/D. Inany

1

-.

.
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case,mostof theinterferencedragis apparentlydueto skin-friction
d effects.

Contributionsof theBasicandInterferenceQuantities

In orderto assesstherelativeeffectsof eachquantityon thecom-
pleteconfiguration,eachof thebasicand interferencequantitiesof
lift,pitchingmoment,anddragis showninfigure28 as a functionof
thetotallift,pitchingmoment,andtiagof thecompkteconfiguration.‘ ‘“
Figure28(a)presentsthefractionalbreakdownof thevariouselements
for theconfigurationsinvolvingthewingsof ~ = 3@ andbodiesof
n = 10.27 and n = 9.13;whereasfigure28(b)presentstheconfigura-
tionsinvolvingthewingsof c = 45° andthen = 10.27body. It iS
seenfromthisfigurethatthe interferencelifton the w(b) and b(w)

. is verybeneficialfortheconfigurationsinvolvingwingsof ~ = 300
or 4~0. Betweena 17-percentad 36-percentincreasein liftcanbe
realized,becauseof interference,overthatwhichcouldbe obtainedby

“< simplyaddingtheliftsof thewingaloneandthebodyalone.

Thepitching-momentcontributionof thevariousliftquantities
forallthewing-bodycombinationsillustratesclearlythatthelifton
the b(w) actsbehindthecentroidof thewingareas,thusgivinga
negativepitchingmoment.Betweena 2-percentanda 34-percentreduc-
tioninpositivepitchingmomentis realizedbecauseof interference
overthatwhichcouldbe obtainedby summingthepitchingmomentsof
thewingaloneandof thebodyalone. me wingalone,wingin thepres-
enceof thebody,andtheinterferenceon thewingdueto thebodycon=
tributea positivepitchingmoment,showingthatthe liftcenteris ahead
of thecentroidof thewingarea. Thebodymomentcontributionisby
farthelargestpositivemomentsinceitsaerodynamiccenteris in the
regionof thenoseof thebcdy.

Thefractionalbreakdowmof thevariousdragquantitiesis some-
whatas wouldbe expected.Thatis,thelow b/D wingsalonecontribute
a smallerpercentageof dragto thetotalthando thelarge b/D wings
alone;whereas,thedragcontributionof thebodyis thereverse.The
dragsforthe w(b) arepresentedas obtainedfromthetestswithno
correctionsdueto thicknessratio. Theinterferencedragson thewing
dueto thebodyareseentobe smallpercentagesof thetotalwing-body
drags,whereas,theinterferencedragson thebodydueto thewingswere
a largepercentageof thetotalwiththeexceptionof theconfigurations
involvingthen = 9.13 bcdy.

A comparisonof theinterferencequantitiesmy be madeat twodif-
-’ ferentMachnumbersfromtheresultsof thepresentinvestigation

(M= 1.94)andreference2 (M= 1.62). In general,thebeneficialcon-
tribution’ofinterferenceliftto thetotalliftof any of theinvestigated

.
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configurationsisverynearlythesameat thetwo~ch numbers.Posi-
tiveinterferencepitchingmomentsonlywereobtained.onthewingdue r
to thebodyat a &@chnumberof l.+; whereasbothpositiveandnegative
pitchingmomentswereobtainedat a Machnumberof 1.62. Thetiaginter-
ferencecontributionis slightlylessat M = 1.94 as comparedwith
thatat .M= 1.62 foralltheconfigurationsinvestigated.

CONCLUSIONS u

An investigationwasmadeof theinterferenceeffectson a series
of sevenflat-platetriangu@rwingsof varyingscalein combination
withbodieshavingtwodifferentforebodylengths.Fourof the,wlngs
hadsemiapexanglesof 30°whiletheremainingthreehad semiapexangles
of 45°. Basicmeasurementsof lift,drag,andpitchingmomentwere
obtainedforthewing-bodycombinations,wing-in theQresenceof the _
body,wingalone,andbodiesaloneat a N@chnumberof 1.94. Interfer-
encelifts,drags,andpitchingmomentswereobtainedfromthebasic
measurements.Theresultsindicatethat:

1. Interferencegavebetweena 17-percentand56-percentincrease
in liftoverthatwhichwouldbe obtainedby summingtheliftsof the
wingaloneandof thebodyalone. Thiswasaccompaniedby an increase
in dragdueto skinfriction.

2. Themethodpresentedin NACARM A51J04gavegoodpredictionsof
theinterferenceliftson thebodydueto thewingandon thewingdue
to thebody. Theexperimentalliftsforthewing-bdycombinationsand
forthewingsin thepresenceof thebodiesweregener–allyin goodagree-
mentwiththeabovemethcd.

3. Interferencegavebetweena 2-percentand34-p-ercentreduction
inpositivepitchingmomentfromthatwhichwouldbe obtainedby sumrdng
thepitchingmomentsof thewingaloneandof thebodyalone.

4. Thepredictionsof theinterferencepitchingmcmentson thebody
dueto thewingsusingthemethodinNACARM A52B06was in goodagree-
mentat thehigherratiosof wingspantobodydismeterb/D andpoor
at thelow b/D ratios.Theexperimentalpitchingmomentsforthewings
in thepresenceof thebodyand thewing-bcdycombinationsweregenerally
in goodagreementwiththeabovemethod. _

5. Withinthelimitsof thisinvestigation,theeffectof varying
Reynoldsnumberuponthelifts,drags,an&pitchingmomentsforthewings
in thepresenceof thebodywas generallysriiall.

—

?



NACARM L55114
.

15

6. The interferencedragson thebcdydueto thewingswerea large
x percentageof thetotalwing-bodydrags,whereastheinterferencedrags

on thewingsdueto thebodywererelativelysmallpercentagesof the
totaldrags. Theseinterferencedragswereprobablydueto changesin
skin-frictiondrags.

7.Withinthelimitsof the investigation,changingtheforebcdy
lengthso thatthefinenessratio, n, of thebodychangedfrom9.13
to 10.27had littleor no effecton theinterferencequantitieswith
theexceptionof thedragon thebodydueto thewing. Thisdraginter-
ferencefortheconfigurationinvolvingthen = 9.13bodywas consider-
ablysmallerthanthatfortheconfigurationinvolvingthen = 10.27body.

8. Withinthelimitsof thisinvestigationandthatpresentedin
NACAR&lL55B25,increasingtheMachnumberfrom1.62to 1.94didnot

i changetheinterferenceliftcontribution,eliminatedthenegativeinter-
ferencepitchingmomenton thewingdueto thebody,anddecreasedthe
interferencedragcontribution.

4

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,September14,1955.
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